The alimentary canal of Lumbricus exhibits autonomous rhythmic movements, probably co-ordinated by nerve elements situated in its walls.
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The visceral nervous system of the earthw orm :
I. Nerves controlling the tone of the alim entary canal
The innervation of other regions of the gut is described by Smallwood (1923) , who claims to have discovered plexuses of nerves in the peritoneum and longi tudinal muscles of the body wall from which plexuses of fine nerves pass to the gut via the septa. Plexuses of nerves investing the dilator muscles of the pharynx and the blood vessels supplying the gut are also stated to contribute nerves to the gut. Smallwood later confirmed these results by a different technique (1926) . In addition, Wu (1939a) describes some experiments which are interpreted as showing that the crop and gizzard are supplied by inhibitor nerves from the under lying ventral nerve cord via the segmental nerves, and the adjoining septa and blood vessels.
In examining the significance of these two systems of innervation it will be shown that the gut, like that of vertebrates, is autonomous, and that therefore the control exerted by these systems is indirect. Secondly, it will be shown that this control is shared by both systems, and, coupled with the autonomous move ments of the gut, appears sufficient to account for all the activities of the gut so far observed.
M e t h o d s
Whenever possible the earthworm Lumbricus terrestris was used. Occasionally Allolobojpliora longa was used, but no difference was found between the two forms which has any significance in this account.
The behaviour of all regions of the gut except the pharynx was examined, and during experiments all exposed regions of the gut were bathed, or kept constantly moist, with Ringer's solution of the following percentage composition: This fluid served excellently, despite the fact that its osmotic pressure is con siderably higher than that of the body fluids of earthworm as estimated by Adolf (1927) . To allay possible objection on these grounds, a number of experiments were repeated with the gut bathed in a fluid made by diluting the above with one-third of its volume of distilled water (this makes a solution with about the same osmotic pressure as that given by Adolf for the body fluids of earthworm). Such modification made no difference to the results of the experiments, and therefore in most cases the unmodified Ringer was used.
In some experiments the gut was excised and observed whilst in a bath of oxygenated Ringer, but in most cases the gut was exposed in situ, by opening up the appropriate region of the worm (unless otherwise stated in the mid-dorsal line), and kept moist with Ringer. When using the latter method precautions were taken. First, before starting an experiment all the coelomic fluid was washed away from the region of the gut to be examined, thus preventing the possible deleterious effects of coagulation. Secondly, the body wall of the region opened
The visceral nervous system of the earthworm 273 up was stretched and pinned down very firmly. This was found to be sufficient to eliminate movements of the body wall which might otherwise have interfered with the recording of the movements of the gut (see p. 279).
The gut was attached (in the manner shown in figure 4 ) to a light isotonic lever writing on a slowly revolving smoked drum. Since the worm was stretched out in a horizontal plane, the movements directly recorded were those of the circular muscles of the gut, those of the longitudinal muscles modifying the record by altering the shape of the gut. The recorded responses of the muscles were checked by direct observation.
In vertebrates, valuable information concerning the peripheral nervous system can be obtained by the use of drugs. Analogous experiments were performed here, in which drugs having a well-defined action on the vertebrate nervous system were employed.
A u t o n o m o u s m o v e m e n t s o f t h e g u t
A detailed account of the movements of excised portions of the gut is given by Wu (1939 a).
When any portion of the alimentary canal of a freshly opened worm is examined in situ it exhibits active peristaltic movements. These movements vary greatly in rate and amplitude in different individuals and in different regions of the gut. Thus the oesophagus, and in particular the crop, show most active movements, while the intestine is almost invariably the most sluggish. Frequently the move ments are markedly irregular, but it is possible that such movements are abnormal and due to the experimental conditions. Active anti-peristalsis is often observed in the region of the calciferous glands.
The peristaltic movements persist, though much reduced, even after extirpation of the central nervous system, or in pieces of gut isolated in Ringer. Such move ments are therefore independent of the central nervous system, of the nerve plexus in the body wall, and of the pharyngeal plexus, and they recall the autonomous movements of the vertebrate gut described by Cannon (1906 ), Pavlov (1910 , Rubaschoff (1912) , etc. Similar autonomous gut movements have been described in other annelids (
A r e n i c o l a, Nereis and Glycera) by Wells (1937 c l, b). There are twT o possible explanations of these persistent co-ordinated rhythmic movements in the gut of earthworm; either they are the result of local reflexes through the nerve plexus in the gut wall, or they have a purely myogenic origin. If they are dependent on a local reflex, selective paralysis of the nerve elements by the use of a suitable poison or anaesthetic should abolish the movement. Experiments show that they do so. If the oesophagus, exposed by opening up the body wall, is painted with 5 % novocaine, care being taken to restrict the drugs to the gut wall, loss of tone and abolition of peristalsis follow (figure 1). This suggests a dependence on a local reflex, but it does not demonstrate this conclusively, because it is impossible to be certain that the drugs have acted only on nervous tissue, and not also on the muscles.
Closer examination of the oesophagus enables the correspondence between its movements and those of the vertebrate gut to be extended further. Bayliss & Starling (1899) showed that stimulation of any portion of the mammalian small intestine causes contraction above this point and relaxation below it. They believed this reaction to be a purely local reflex carried out through the nerve plexus of the gut wall. The reflex was subsequently termed the 'myenteric reflex' by Cannon. An excised portion of the earthworm's oesophagus also exhibits the myenteric reflex when stimulated by pricking or squeezing with forceps.
I n d ir e c t c o n t r o l e x e r c is e d b y s e p t a l n e r v e s
If the septa running from the body wrall to a portion of the gut such as the oesophagus are cut across, the latter undergoes a marked decrease in diameter accompanied by greatly decreased movement. This decrease in size may be due to one of two factors. First, the gut may simply 'collapse' when the supports attaching it to the body wall are removed. This possibility is removed by replacing the septa by mechanical supports.
Worms were opened up so as to expose the oesophagus, and a series of fine wire struts, running from the oesophagus to the body wall alongside each septum, were fixed in position under a binocular microscope. With the aid of a micrometer eyepiece, it was possible to fix the struts so that they stretched the oesophagus very slightly. When the septa were cut, despite the mechanical support provided by the struts, the oesophagus showed a marked decrease in diameter and appeared moniliform owing to the shrinkage of those portions in between successive struts.
This indicates that the shrinkage of the oesophagus with section of the septa is due to an active increase in the tone of its muscular wall. We must therefore consider the second possibility, namely, that the septa may carry nerves to the oesophagus, and that the observed change in tone is due to interference with this nerve supply. Such an effect would be quite similar to that following section of the vagal nerves to the mammalian stomach (Cannon 1906, p. 432) .
The increase in tone might be produced in two ways, either by injury discharges in augmentor septal nerves produced by cutting, or by interruption of tonic im pulses in septal inhibitor nerves. A simple experiment will decide between the two alternatives.
Several worms were opened up by a median dorsal incision in the anterior intestinal region; the septa were cut so that in this region the gut lay quite free in the coelom. As the worms were fresh from the soil, the gut contained much earth. The incision was closed, stitched, and the worms were replaced in moist soil. During the following 2 days the worms moved about normally and appeared quite healthy, but on the third day they began to show signs of weakness. They were then opened up again. It was found that the portion of the intestine sepa rated from the body wall was still tightly constricted, and the passage of earth through the gut had been impeded, causing the portion immediately anterior to the denervated region to become distended with accumulated earth passed down from more anterior regions, while the region behind the denervated zone was completely evacuated.
Although the injury discharge in nerves may persist for several hours, as in the sensory fibres of certain mammals (Adrian 1930) , it is unlikely that they would persist for 3 days, and we are therefore led to believe that the increase in tone is due to interruption of tonic inhibitor impulses in septal nerves.
Evidence therefore indicates that the gut is maintained in a normal condition by tonic inhibitor impulses in septal nerves. This agrees with the results obtained by Wu (1939a) , who, by means of experiments involving electrical stimulation of the central nervous system, comes to the conclusion that the septa carry inhibitor fibres. Further evidence in support of this conclusion will be given later.
B l o c k in g o f t o n ic i n h ib it o r im p u l s e s b y a n a e s t h e t ic s
If 0*02-0*05 c.c. of a 10% solution of novocaine in Ringer is injected into the body-wall muscles of earthworm, a rise in tone of the neighbouring regions of the gut ensues (figure 2). The same quantity of 0*4 % cocaine has a similar effect. Since novocaine exerts a direct effect on the gut (p. 274), it is imperative that in these experiments no fluid should escape from the body wall. Accordingly, the area receiving the injection was watched carefully under a microscope, and if any fluid was seen to escape from the body wall the preparation was rejected. Thus the effect on the gut can only be indirect, and since most anaesthetics commonly used on vertebrates are found to exert their characteristic effects on a large number of invertebrates (Harris 1900; Oestergren 1903; Krecker 1910; Gray 1935, etc.) , the above effect is most simply explained as due to blocking of tonic inhibitor impulses coming from nerve elements situated in the body wall.
It may be argued, however, that the rise in tone was due to mechanical stimu lation of augmentor nerves through the act of injection. This is not so, because the injection of Ringer's fluid into the body wall under exactly the same conditions is without significant effect.
B l o c k in g o f t o n ic a u g m e n t o r im p u l s e s b y a n a e s t h e t ic s
If instead of injecting novocaine into the muscles of the body wall it is painted on the peritoneum lining the body wall, care being taken to avoid direct contact of the drug with the gut, a marked fall in tone of the neighbouring regions of the gut ensues (figure 3). Such an effect indicates the existence of another set of nerve elements in the peritoneum of the body wall, which exert a tonic augmentor effect on the gut.
Previous experiments have provided evidence of nerves in the body wall and septum, which exert a tonic inhibitor effect on the gut, and, in addition, there is now an indication of augmentor nerves in the body wall, but as yet no evidence of their presence in the septa. Such evidence is forthcoming from a study of the effect of a cold block on the septa. F igure 3. Blockage of augm entor im pulses in peritoneal nerves. 10% novocaine p ainted (at signal) on th e peritoneum lining th e body wall surrounding th e crop.
T h e e f f e c t o f co ld b l o c k
The method of applying a cold block is shown in figure 4 . A double loop of fine capillary tubing (ci.) was made to fit conveniently in the exposed coelom. Using an adjustable clamp, the capillary loops were fixed in contact with a septum (sep.) under a binocular microscope, care being taken to avoid direct contact with the gut (j g. ). By using worms opened up in the mid-dorsal and mid-ventral lines, it was possible to rest the capillary tubing against the dorso-lateral and ventro lateral regions of a septum. The capillary tubing was connected to a large syringe containing saline, immersed in a freezing mixture; and by depressing the plunger, fluid at about -2° C was circulated through the tubing. The movements of the portion of the gut nearest the septum were observed and recorded.
io recording lever Using this method, it becomes evident that the results of the experiment depend entirely on the region of the septum to which the cold block is applied. Several experiments were made, and all gave consistent results. The effects are clear to direct observation, but in view of the difficult technique it was not found possible to produce striking tracings.
If the cold block is applied to the dorso-lateral region of the septum, an increase in tone of the gut is observed. Since the application of sufficient cold to a nerve prevents the conduction of impulses in it, such experiments confirm the con jecture (p. 275) that the septa carry nerves exerting a tonic inhibitor effect on the gut, and show that these nerves are localized in the dorso-lateral regions of the septum. If, however, the cold block is applied to the ventro-lateral legion of a septum, a fall in tone of the gut ensues. This suggests that the septa also carry augmentor nerves, which traverse their ventro-lateral aspect. This is significant because evidence of the existence of augmentor nerves in the body wall has already been given, and there is the possibility (as in the case of the inhibitor nerves) that the two groups of nerves belong to the same system.
If we accept the argument that the effect of cutting the septa, anaesthetizing the body wall (both muscles and peritoneum), and applying a cold block to the septa, are all due to interruption of nerve impulses passing from the body wall and septa to the gut, then we reach the following conclusions. First, the alimentary canal is indirectly controlled by nerves from an outside source. Secondly, these nerves fall into two groups (augmentor and inhibitor), each localized in a special area of the body wall and septum. These conclusions can be tested directly by stimulating the augmentor and inhibitor nerves electrically.
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Electrical stimulation of the augmentor and inhibitor nerves
The stimulating circuit used in the following experiments was of two types. In one, an a.c. current of 4 V drawn from a mains transformer and controlled by a 400 Q potentiometer was used. In the other, an induction coil in circuit with a 2 V battery was employed. The electrodes used were of fine silver wire. Insula tion was found to be unnecessary, since it was always possible to manipulate the electrodes so that only the tips were in contact with the tissues. In order to prevent short-circuiting and spread of current the preparations were kept carefully drained of superfluous Ringer.
Stimulation of any portion of the peritoneal surface of the body wall is followed by a marked increase in tone of the neighbouring portions of the gut. This effect is shown for the oesophagus in figure 5. The increase in tone is not confined to that region of the gut opposite the portion of the peritoneum which is stimulated, but may extend over a large number of segments (see below), and though always well marked, its extent and duration vary greatly in different individuals. The experiments in which novocaine was painted on the peritoneum also indicate the existence of augmentor nerves in the peritoneum of the body wall.
However, before the results of the above experiments can be fully accepted, certain objections must be met.
First, since the muscles of the body wall also contract when the peritoneum is stimulated, it is clear that these might contribute to a greater or lesser extent toward the rise in tone registered by the recording apparatus. This possibility was eliminated by securing the body wall very firmly with pins, after which it could be shown that contraction of the body wall exerted no significant effect on the recording lever.
Secondly, since the septa are muscular they could influence the recording lever by pulling on the gut, as already suggested by Wu (1939a) . This possibility is enhanced by the radial arrangement of most of the septal muscles described by de Ribaucourt (1901) , which means that in the type of preparation used in these experiments (p. 274) the septal muscles could pull the gut downwards (i.e. farther into the coelom), and by suddenly changing the base line of the records in this way they could simulate a rise in tone of the gut. However, this possibility could be eliminated by observation, for if the effect shown in figure 5 is due to con traction of radial septal muscles, the gut would be subject to a lateral as well as a downward pull, and would appear dilated at the points where the septa meet the gut, which is not the case.
The convenient size and rapid response of the oesophagus make it very suitable for observation, and the question of possible participation of septal muscles in the effect was studied in detail in this region. In all experiments, stimulation of the peritoneum (or certain augmentor nerves to be described later) resulted, not in an increase, but in a decrease in diameter of the oesophagus, and in several such experiments its diameter (measured by a micrometer eyepiece) was seen to shrink to about half following stimulation. It is significant that the shrinkage occurs at the junctions of the septa and oesophagus as well as in the intervening regions. It is therefore obvious that the radial septal muscles cannot be directly responsible for the effect.
However, these muscles might have an indirect effect. Owing to the disposition of the septal muscles in the oesophageal region, it is possible for the gut to be pulled forward by their contraction, but being anchored by the septa of more posterior regions, the gut would be stretched, and because it is elastic, appear to become narrower. This does not explain the behaviour of the oesophagus however, because in many experiments narrowing occurred without any appreciable forward movement, and even when this was observed, it was too small to account for the simultaneous shrinking of the oesophagus.
The only type of septal muscle that could produce narrowing of the oesophagus is a sphincter muscle. No such muscles have been described, and I have searched for them in serial sections (transverse, longitudinal and frontal), but I found none. Septal muscles which are disposed in a circular fashion are described by de Ribaucourt, but they are feebly developed and cannot be part of a sphincter round the gut, as they are stated to be absent from the ventral portions of the septa. Furthermore, being situated at a considerable distance from the gut, they can easily be put out of action by cutting across the dorsal regions of the septa. Such an operation does not abolish the response of the oesophagus already described. We may therefore conclude that the narrowing of the gut which follows stimula tion of the peritoneum and augmentor nerves (see below) represents an increase in tone brought about by the gut muscles, and not by the muscles in the septa.
The conclusion is confirmed by the experiment shown in figure 6 , in which 1 % novocaine had been painted on the septa (at arrow), with the result that the rise in tone of the oesophagus produced by stimulating the septum was abolished (signals 3 and 4). Now novocaine is known to prevent the response of an effector to stimulation by blocking the passage of impulses in its nerve supply, and not by acting directly on the contractile mechanism of its muscles. Hence assuming that the drug acts in its characteristic manner, it is unlikely that it would prevent the contraction of the septal muscles in response to direct stimulation. Therefore it is unlikely that the septal muscles are responsible for this effect.
The third objection to the type of experiment shown in figure 5 is that the extremely small space between the body wall and gut and between the electrodes placed on the body wall and the nearest septa, makes it possible for the stimulating
The visceral nervous system of the earthworm 281 F ig ure 5. S tim u latio n of au g m en to r nerves in peritoneum . E ffect on tone of oesophagus of electrical stim u latio n (a t signal) of th e p erito n eu m lining th e neighbouring body wall (see p. 279). current to spread to the oesophagus without participation of any nerves, resulting in direct excitation of the oesophageal muscles. This possibility may be tested in the first place indirectly, by making use of the remarkable conduction of augmentor impulses to distant portions of the gut. If the peritoneal surface of the body wall is stimulated as far as thirteen segments away from the portion of the gut which is attached to the recording lever, a marked increase in tone results ( figure 7 ). This is still produced after transection of the gut (figure 8). Such experiments eliminate the possibility of the effect being produced by nerve impulses or current spreading through the gut wall, or the purely mechanical pull exerted on a passive region by increase in tone of the gut nearest the electrodes. Another possibility is that the central nervous system lying close to the body wall may be excited by spread of current in the stimulated region, and may transmit the excitation to distant regions of the gut which are attached to the recording lever. This is eliminated by removing the nerve cord in the region of stimulation and repeating the experiment shown in figure 7 , when it will be seen that the rise in tone is still produced (figure 9), showing that the central nervous system is not involved.
Thus excitation must be conducted from the point of stimulation by nerve elements situated in the peritoneum of the body wall, and reaches the oesophagus via nerves in the septa.
A direct test for possible spread of current by short-circuiting may be made by observing the effect of stimulating the peritoneal surface of the body wall nearest to the region of the gut which is attached to the recording lever, after the neighbouring septa have been cut across, or alternatively treated with Ringer containing novocaine. If the augmentor response seen in figure 5 involves septal nerves, then cutting across the septa or treating them with an anaesthetic should abolish it. If, on the other hand, the response is merely the result of direct stimu lation owing to short circuits set up in the moist tissues, then cutting or treating the septa with anaesthetic should have no such effect; in the latter case, on the contrary, the response should be elicited more readily, because in these experi ments the septa were continually moistened with Ringer containing novocaine.
In worms which have been opened up mid-dorsally and in which the septa of the oesophageal region have been cut across, leaving only a small mid-ventral portion of each septum intact, stimulation of the peritoneum of the neighbouring body wall has no effect on the tone of the oesophagus. However, such experiments alone cannot be accepted as excluding the possibility that the rise in tone may be due to spread of current. It must be borne in mind that, since the recording lever exerts a slight pull on the region of the gut to which it is attached, par ticularly as the support normally provided by the septa has been largely removed by operation, it is possible that the gut may be pulled away from the body wall in the region of stimulation, and hence a slight spread of current under these conditions would be without effect. This objection may be overcome by holding the gut in contact with the body wall by means of light struts and then repeating the experiment. As figure 10 shows, stimulation of the peritoneum at all signals still evokes no significant response in the gut, even when the electrodes are placed very close to the gut without actually touching it. Thus short-circuiting of current cannot be held responsible for the rise in tone of the gut following stimulation of the peritoneum, which therefore must be due to impulses in augmentor nerves in the septa. This conclusion is fully confirmed by experiments in which the septa and peritoneum (see below) are treated with anaesthetics. As figure 6 shows, painting the septa with 1 % novocaine prevents the rise in tone of the oesophagus which normally follows stimulation of the peritoneum.
The above experiments, in addition to excluding the possibility of a shortcircuit being responsible for the augmentor response, also show that it involves F ig ure 7. S pread of au g m en to r im pulses th ro u g h th e peritoneum . E ffect on tone of oeso phagus of electrical stim u latio n (see p. 279) a t signal, o f th e p eritoneum lining a d ista n t region of th e b ody wall (p. 281). mamm F ig u r e 8 F ig u r e 9 F ig ure 8. E x p erim en t show ing th a t th e rise in to n e in figure 7 is n o t due to conduction of im pulses th ro u g h th e g u t wall (p. 281).
F ig ure 9. E x p erim en t show ing t h a t th e response in figure 7 does n o t involve th e central nervous system (p. 282).
F igure 10. Control showing th a t th e rise in to n e produced by electrical stim u latio n (p. 279) is n o t due to short-circuiting (p. 282); th e electrodes were placed on th e peritoneum lining th e body wall as n ear as possible to th e g u t, a fte r th e sep ta h ad been cu t across.
nerve elements, and that they are situated in the septa. Using a similar technique, it can be shown that the response also involves nerve elements situated in the peritoneum. Thus the rise in tone of the crop which normally follows stimulation of the peritoneum lining the neighbouring body wall can be abolished by treating the peritoneum with 1 % novocaine. This action of novocaine can be explained satisfactorily only by assuming that it has put out of action nerve elements located in the peritoneum. Direct confirmation of this can be obtained by removing the peritoneum from an area of the body wall which is subsequently stimulated as in previous experiments. The peritoneum must be dissected away from the under lying muscles with extreme care under a binocular microscope. As figure 11 shows, after such an operation, the rise in tone normally produced by electrical stimulation of the body wall (1st signal) is abolished by removing the peritoneum (2nd signal). Thus we now reach the definite conclusion that the septa and peritoneum lining the body wall contain nerve elements which by their action increase the tone of the alimentary canal.
F ig u r e 11. E x p e rim e n t show ing th a t th e rem oval of th e peritoneum lining th e body wall abolishes th e au g m en to r response (p. 284).
Experiments in which novocaine was injected into the body-wall muscles, and on the application of a cold block to the dorso-lateral regions of a septum, supplied evidence of a system of nerve elements situated in the body-wall muscles and dorso-lateral region of the septa, which exerted an inhibitor effect on the tone of the gut. The evidence may be confirmed by electrical stimulation as in the case of the augmentor nerves. If, instead of placing the electrodes on the peritoneum, they are sunk in the muscles at the cut edge of the body wall, stimulation is usually followed by a fall in tone of the neighbouring portions of the gut. Occasionally, a rise in tone is produced, but this can be changed to a fall by stripping the peritoneum from the stimulated area, and appears therefore to be due to spread of current from the muscles to the overlying peritoneum, with consequent masking of the inhibition. This confirms the conjecture that the body wall contains a second set of nerve elements, situated more deeply in the musculature, and exercising an inhibitor effect on the gut.
The significant results of the experiments which involved electrical stimulation may now be summarized as follows. They demonstrate directly the presence of both augmentor and inhibitor nerves in the body wall, and have shown the locali zation of the augmentor nerve elements in the peritoneum and inhibitor nerves in the muscle layer of the body wall. The augmentor nerves pi the peritoneum and at least some of those in the septa have been shown to belong to the same system, and the spread of impulses through the peritoneum indicates that its augmentor nerve elements are probably arranged in the form of a plexus. Now that the relative position of the augmentor and inhibitor nerve elements in the body wall has been found, it remains to be shown how the two are situated relative to one another in the septa. This is revealed when the relation of both systems to the central nervous system is studied.
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R elation of the plexus system to the central nervous system
The body wall of the earthworm has long been known to receive its nerve supply from the central nervous system by way of the segmental nerves; if, therefore, there is any connexion between the nerve elements in the body wall which have been shown to influence the gut, and the central nervous system, it should be possible to bring about changes in tone of the gut by stimulating the segmental nerves.
The nerves were exposed for stimulation as follows. Worms were opened up slightly to one side of the mid-dorsal line. On pinning out the cut edges of the body wall, the nerve cord and segmental nerves were carried over to a lateral position where, by carefully stretching out the body wall, the nerves were con veniently exposed so that the electrodes could be manipulated with a minimum risk of contact with surrounding structures. In many cases it was found convenient to mount the preparation under a low-power binocular and, picking up the nerve on one electrode held by a micro-manipulator, to stimulate it by touching the remaining free portion with the other electrode manipulated by hand.
If the single (anterior) segmental nerve of either side be stimulated, the corre sponding region of the gut shows a distinct fall in tone (figure 12). Great care is necessary, however, for should the electrode's touch any portion of the surrounding peritoneum, the effect is completely masked by a powerful rise in tone. Since the fall in tone can be prevented by cutting across the nerve at the point where it enters the body wall, or by cutting across the neighbouring septa, it is clear that the anterior segmental nerves contain fibres conveying inhibitor impulses which pass by way of nerve elements in the body wall and septa to the neighbouring portions of the alimentary canal. These results harmonize with those obtained by Wu (1939a) , who stimulated the anterior portion of the central nervous system underlying the crop and gizzard and described a fall in tone of these portions of the gut. From the description given by Wu (p. 194) it is evident that, although he isolated that portion of the central nervous system beneath the crop and gizzard, the segmental nerves of the region remained intact, and thus the fall in tone could be produced by inhibitor fibres in these nerves.
In contrast to the above, stimulation of the median and posterior segmental nerves produces a rise in tone of the portion of the gut situated in the same segment. The same effect is produced by stimulating either the median or posterior nerve alone, but in the case of the gizzard the rise in tone is produced only by the posterior nerve, stimulation of the median nerve having no effect. In the latter experiments, since the two nerves lie very close together, in order to eliminate the possibility of the effects being due to accidental stimulation of both nerves, one of the pair was cut across at its point of entry into the body wall.
T in n n n n rT n rv r rr r rr rr in r y v r rr^ ■ F ig u r e 12 F ig u r e 14 F ig u r e 15 F ig u r e 13 F ig ure 16 F ig u r e s 12-16. R esponses of crop a n d in testin e to electrical stim u latio n of segm ental n e i\e s (stim u latin g circu it as described on p. 279). F igure 12 (crop). E ffect of stim ulating anterior segm ental nerv e (at signal). F ig u re 13 (crop). E ffect o f stim u latin g m edian and posteiioi segm ental nerves (at signal). F ig u re 14 (crop). E ffect of stim u latin g isolated m edian and posterio r segm ental nerves (all signals). F ig u re 15 (crop). E ffect of stim ulating m edian and posterior segm ental nerves (a t signal) a fte r v e n tra l p o rtio n o f septum h ad been cut across (p. 288). F ig u re 16 (intestine). Sim ilar response o f in testine u n der same conditions as figure 15.
Exactly as in the case of the anterior segmental nerves, the effect produced on the gut by stimulation of the median and posterior nerves is abolished by cutting across the neighbouring septa, or by transecting the nerves before their entry into the body wall. It follows therefore that the median and posterior nerves (posterior only, in the case of the gizzard region) convey impulses which, passing by va> o nerve elements situated in the body wall and septa, augment the tone of neigh bouring portions of the gut.
It may be argued, however, that in coming to the above conclusion we have made the unjustified assumption that the nerve elements involved in the response are purely efferent and that the impulses may have passed to the central nervous system by way of afferent fibres in the segmental nerves and thence to the gut by some quite different route. The following experiment illustrates the truly efferent character of the nerves. The median and posterior nerves on one side of one segment were completely isolated so that the impulses could reach the gut by one route only, viz. through the nerves to the body wall and to the gut via the septa. A rise in tone of the neighbouring portion of the gut followed stimula tion of the paired nerves ( figure 14) , just as if the central nervous system had been intact, and thus the response is dependent on impulses in efferent nerves passing along the route described. Thus it follows that augmentor, as well as inhibitor, nerves pass from the central nervous system to the gut, via the body wall and septa.
Wu (1939a) describes an increase in tone of the crop produced by stimulating the central nervous system, but believes it is apparent rather than real, and due to the contraction of the septa. He does not mention any evidence of augmentor fibres in the segmental nerves or septa.
Since the distribution of augmentor and inhibitor nerve elements among the segmental nerves is now known, it becomes a simple matter to discover by what route augmentor and inhibitor impulses traverse the septa after leaving the central nervous system. If after a portion of the septum has been removed, or cut across, stimulation of one of the neighbouring segmental nerves fails to elicit the normal response, then clearly the portion of the septum operated on carries the necessary nerve elements.
Separation of the mid-dorsal region of the septum from the body wall does not greatly affect the response to stimulation of the segmental nerves. The same applies to the mid-ventral region. Hence the mid-dorsal and 'mid-ventral regions of the septum cannot be the main pathways of the augmentor and inhibitor nerves. If, however, the dorso-lateral region of the septum is separated from the body wall, stimulation of the anterior segmental nerve no longer has any effect. Thus the inhibitor nerves run through the dorso-lateral region of the septa. When the ventro-lateral region of a septum is separated from the body wall, stimulation of the median and posterior nerves of the segment brings about a fall in tone of the adjacent region of the gut (figures 15, 16), instead of the usual rise. This is true for all regions of the gut except the gizzard, where such treatment merely abolishes the rise normally produced by stimulating the median and posterior nerves. Thus the augmentor nerves to all regions of the gut run through the ventro-lateral regions of the septa and, in addition, the latter experiments show that the median and posterior segmental nerves (with the exception of those in the gizzard region) carry inhibitor as well as augmentor nerve elements.
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It thus follows that if the fall in tone of the crop following stimulation of the central nervous system described by Wu (1939a) is produced by impulses passing through segmental nerves and septa, it would seem to be either a complex effect in which the action of the inhibitors predominates, or the arrangement of the inhibitor elements in the central nervous system must be such that, under the conditions of his experiments, only the inhibitors were stimulated.
The results of the foregoing experiments may be summarized thus: The distribution of septal nerves described above agrees completely with ex periments in which a cold block was applied to the septa (p. 278), and confirms the conjectures made from these experiments. These results are summarized in figure 17.
Indirect control exercised by the pharyngeal plexuses
Situated on either side of the anterior aspect of the pharynx is a plexus of nerve elements lying partially embedded in the pharyngeal musculature. It is connected with the central nervous system by several short rami which pass to it from the peripharyngeal commissures. The plexus has been described by various workers as the 'pharyngeal plexus', 'pharyngeal ganglion', 'ganglionated thickening of the enteric nerve' and 'enteric nerve'. It is proposed to use the term 'pharyngeal plexus' in this account, as it is descriptive of its form and, at the same time, avoids confusion with the general nerve plexus in the gut wall, of which it may be considered to be a special portion (Dechant 1906) . The essentials of its structure have been described by several workers including Quatrefages (1847), Clark (1856), Dechant (1906) , and Hess
(!925)-
The relation of the plexus to the central nervous system in Pheretima communissima has been described by Ogawa (1934 Ogawa ( , 1939 , who mentions efferent nerve fibres running through the pharyngeal plexus to the alimentary canal, having their cells situated in the cerebral and suboesophageal ganglia. He also describes afferent nerves passing from the gut wall, and teminating in the pharyngeal plexus.
In view of the importance of this structure, its anatomy was investigated and reconstructed from serial sections, and its significance in the indirect control of the gut musculature was examined by the experiments to be described.
The visceral nervous system of the earthworm 289 m.n. S t r u c t u r e o f t h e p h a r y n g e a l p l e x u s (see figure 18 ) Methods. The anatomy was reconstructed from serial sections by means of a micro-projection apparatus. Material was fixed in Petrunkewitsch, DuboscqBrasil, and Carnoy's fluids. Sections were cut at 10/t in the transverse, sagittallongitudinal, and frontal planes. The plexus on each side consists of a large ganglionic mass (m.) arising from the peripharyngeal commissure (p.c.) of the same side by seven roots (r. i, r. ii. etc.) . From the main mass numerous large nerves ( pass into the wall of the pharynx and join a plexus ramifying in the epithelium and subjacent mus culature of the pharynx which make connexion with similarly disposed nerve elements extending posteriorly along the gut. A more detailed description of the disposition and structure of the plexus in the gut wall is reserved for a future account. 
The control exercised by the pharyngeal plexus
Methods. The nature of the control over the tone of the alimentary canal exercised by the pharyngeal plexus was determined by stimulating the plexus electrically. The stimulating circuits used were the same as those described on p. 279. Owing to the small size of the plexus, and its intimate association with the wall of the pharynx, it proved exceedingly difficult to stimulate the plexus without also stimulating the wall of the pharynx directly.
The plexus of one side was therefore exposed by dissection, and two exceedingly fine silver wires were passed between the main ganglionic mass (ra. figure 18 ) and the wall of the pharynx. By gently raising and tautening the wires, the plexus and associated peripharyngeal commissure, which had been isolated (see below), was raised from the surface of the gut, and after ensuring adequate insulation of the wires, a stimulating current was sent through them, and its effect on the various regions of the gut determined. The plexus so elevated was kept moistened with Ringer, the excess fluid being withdrawn by a fine pipette to lessen the chances of a short-circuit occurring. To ensure that nervous impulses did not reach the gut via the central nervous system, segmental nerves, and the body-wall plexuses, the peripharyngeal com missure of the same side was isolated from the rest of the central nervous system, by cutting it across at either end.
Electrical stimulation of the pharyngeal plexus produced a fall in tone of the oesophagus, crop, gizzard and intestine. These effects are shown in figures 19-22. It should be noted, however, that unless great care was taken to avoid a spread of current to the wall of the pharynx, the effect on the whole gut was variable, very often a distinct rise in tone being produced.
Since the pharyngeal plexus contains nerve elements which join the nerve plexus in the gut wall (see above, and Dechant (1906)), it follows from the foregoing experiments that these elements conduct inhibitor impulses which must pass through the nerve plexus in the gut wall to regions as remote as the intestine. Wu (1939a) , stimulating the circumpharyngeal commissures of earthworm, found that the crop underwent an increase in tone, and no mention is made of any inhibitor nerves entering the gut from the pharyngeal plexus. As stated above, in experiments in which there was a possibility of an accidental short-circuit being set up, the gut often responded to stimulation with a rise in tone. This may possibly indicate the presence of another group of nerve elements in the gut wall which conduct augmentor impulses along the gut, and so far as they indicate that possibility, the results are in agreement with those of Wu; but no evidence definitely indicating that such nerve elements are connected with the pharyngeal plexus was obtained from the experiments of this investigation. It should be noted, however, from the description given by Wu of his technique (p. 194) , it is impossible to be certain that in his experiments impulses leaving the circum pharyngeal commissures could not reach the gut via the nerves arising from the cerebral and suboesophageal ganglia and nerve elements in the body wall and septa.
The fact that the pharyngeal plexus can exert a significant effect on the tone of the alimentary canal is in complete harmony with the description of the structure of the plexus already given, with the nervous connexion existing between the pharyngeal plexus and the alimentary canal shown by the work of Dechant (1906) , and in particular by the work of Ogawa noted above.
Thus the alimentary canal of Lumbricus is indirectly controlled by two main groups of nerves, first, those which pass to the gut via the segmental nerves, body wall and septa, and secondly, those which pass via the pharyngeal plexus.
D iscussion and conclusion
It has been shown that the nerve supply to the gut of Lumbricus and Allolobophora arises from the central nervous system by two main channels. One supply is derived from the peripharyngeal commissures by way of the pharyngeal plexuses, the other from the whole length of the ventral nerve cord, via the segmental nerves. The supply via the pharyngeal plexuses has long been known and is described by all the earlier workers on earthworm. Clark (1856) and Lankester (1865) seem to regard it as constituting the entire nerve supply to the gut.
A somewhat similar nerve supply to the gut arising from the peripharyngeal commissures (or their equivalents) is described in other types of annelids by numerous workers, including Bristol (1898) in Gravier (1898) in Glycera, Ashworth (1909) in Arenicola, and Gaskell (1914) in Hirudo. Therefore the obser vations made in this account on the structure and relationships of earthworm fall into line with those of other workers. Nerve elements situated in the wall of the anterior portion of the gut of other annelids such as Arenicola have been shown by Wells (1937 a) to play a specialized and important role connected with the burrowing habits of the animal. A somewhat similar mechanism is also described in Glycera (Wells 19376). The nerve supply from the ventral nerve cord is not mentioned by any of the earlier workers on Lumbricus, and furthermore, Bristol (1898) and Gaskell (1914) , working on Nephelis and Hirudo respectively, failed to .find any nerves passing from the ventral nerve cord to the alimentary canal, despite careful search. The histological preparations described by Smallwood (1923) , which are interpreted as showing the existence in earthworms of nerves passing to the alimentary canal from plexuses situated in the body wall, via the septa, are of greatest interest because the physiological evidence presented in the foregoing account agrees so closely with Smallwood's histological evidence. It seems therefore that unless the innervation of the gut from two main sources is peculiar to earthw orms among annelids, the innervation of the alimentary canal of other annelids requires re investigation, both from a histological and a physiological standpoint. It is signi ficant in this connexion to note that the histological technique used by Bristol and Gaskell was not nearly so refined as that used by Smallwood, who used the Bielschowsky-Paton technique, and since the nerves described by Smallwood are very fine, the application of silver impregnation methods to other annelids might yield most valuable results. The writer proposes to attempt this at a later date.
The relation between the central nervous system, the nerves in the peritoneum and muscular layers of the body wall, and the septal nerves, together with the physiological significance of these peripheral nerve elements, is here described for the first time. The connexion between the central nervous system and the peri pheral plexuses by means of fibres running in the segmental nerves is especially noteworthy because Gaskell has shown that the 'blood' (coelomic) vessels of Hirudo are also controlled by fibres from the segmental nerves. Such corre spondence may possibly indicate a segmental organization of the autonomic nervous system of annelids, which would be of great interest in view of the evidence of segmental organization in the autonomic nervous system of vertebrates.
When the control exercised by the nervous system over the alimentary canal is compared in the earthworm and vertebrates, the similarities are remarkable. The alimentary canal in both cases exhibits autonomous rhythmic movements, which seem to be co-ordinated in earthworm as in the vertebrate (Bayliss & Starling *$99; Magnus 1904; Cannon 1912, etc.) , by nerve elements in the gut wall. Furthermore, direct stimulation of the gut in earthworm results in a response strikingly similar to that of the 'myenteric reflex' (Cannon), exhibited by the small intestine of vertebrates. Again, the alimentary canal of earthworm, like that of vertebrates, is indirectly controlled by two groups of nerves from an outside source, the augmentors and inhibitors, which are antagonistic in their effects, and at once recall the sympathetic and parasympathetic nerves of higher vertebrates. These striking similarities have their counterpart in Hirudo where the coelomic vessels are subject to indirect control by antagonistic systems of nerves (Gaskell 1914) . The comparison extends further, for some evidence has been obtained that the nerves which decrease the tone of the gut of Lumbricus are adrenergic, while those which increase the tone of the gut appear to be cholinergic. This again recalls the condition found in higher vertebrates, in which, generally speaking, the adrenergic (post-ganglionic) sympathetic fibres bring about a decrease in tone of the stomach and intestines, while the cholinergic para sympathetic fibres bring about an increase in tone (see Dale 1933 Dale , 1934 .
However, remarkable though these similarities may be, it must be borne in mind that they exist only as broad generalizations. Thus in Lumbricus the effects of the two groups of nerves on the tone of the musculature throughout the gut (apart perhaps from that of the pharynx, their actions on which have not been investigated) seems to be invariable. This is not the case in vertebrates as shown by investigations covering a wide range in vertebrate organization. Young (1933) describes the effect of parasympathetic (vagal) stimulation on the stomach of selachians as variable. Similar variable effects of vagal stimulation on the stomach are recorded by Dixon (1902) in frog, Carlson & Luckhardt (1920) in reptiles, Carlson, Boyd & Pearcey (1922 a, 6), and McCrea, McSwiney & Stopford (1925) , etc., in mammals. Dixon (in frog) and McCrea, McSwiney & Stopford (in mammals) find that the effect of parasympathetic stimulation on the stomach varies with the tone of the gastric musculature at the time of stimulation. Stimulation of the sympathetic (splanchnic) nerves has also a variable effect on the tone of the stomach (McCrea & McSwiney 1928) .
Again, the effect on the tone of the intestine of selachians produced by stimu lating the sympathetic nerve supply is described by Young (1933) as variable, and dependent on the tone of the intestinal musculature at the time of stimulation, while Bayliss & Starling (1899), and Carlson (1930) , obtain similar effects on the tone of the intestine by stimulating both sympathetic and parasympathetic nerves in mammals.
So far as the innervation of the earthworm gut from the ventral nerve cord is concerned, the results point to a similar view to that expressed by several workers concerning the origin of the autonomic nervous system of vertebrates. Both seem to be differentiated out of a diffuse plexus of nerve elements such as constitutes the nervous system of the lower invertebrates. The participation of the body-wall plexuses in the efferent visceral nerve tracts of Lumbricus lends striking support to this view. Pending further investigation into the nerve supply of viscera other than the alimentary canal of earthworm, it is premature to attempt a more detailed discussion of this matter.
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